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(54) ?IB$laSSffl*S#9*l&3 

(57) mm 

[«Bit*a] i tfl-f&i 2 1 

3 1 4 txisss: £ tis finite 

Pat1-5o 




1 

ffl. ©»#fc.fctf<mg©l*J©4>&< th— o®mm 

Jf£g^Ji£#©$£II£gJ&Ji£Sr<lS.. BOlBH^S 

-#>J&©mtt^®S* 5 8~3 5GPaT?&£t:£* 
ttft £ f S »»li«ffl«K*s O MS. 
[1**12] (9ta4f^+*>K5-fi'*-#>KO« 
«M4G&tM J 1 0 0 ~2 8 0 G P aT*£ C i^^i 

* sswss 1 tsM®i&mmvmm# o ms. 

[1**383] |}E^+*:>F54**-#:'flt©H 
Jf#0. l~5Mm-CabSCi?:«FS[<b-r€.i**511X 

tt 2 ^mommmmm^fi o ms. 

[»*^4] yy-xwt, *-t*x7-Wf. *-f 20 

mrvm sns c £ *«#£ r sit *s 1 ~ 3 ©t»-r 

n*-J5«ciB«©^jIliRfflK*i 0 MS. 
[I*** 5 ] MtaBftflHMRtt** 5 5 ? f * -C* * 

c i vm. ir *i»*^ 1 ~4 ©t^-rn^-JitciBis© 

iSS@fSfflE*«»)MS. 

mme ] f*Emtstf/0^l&©att#ffl&M 

SfflSJ-C* 5 C £ £1S«t£ -T SIS*JI 1 ~ 5 O^-rtiifi 
-a WBH©1BBaR«l6# 0 MS. 
[«*S7] lfffl»«©SMB:«i»*i:i*M»t-r 30 
5S9*3B 1 ~6 ©(.i-ftl*- JWCfBUCiSjtEIIgfflte* 5 
QMS. 

[000 1 ] 

[^©is-r^^s^if 3 ximmozm 
mis&mmmi&fi v mskh-t 5. 

[0 00 2] 40 
[®*D8ffi] jfi#. Ift^$ttte^fi±©fc«>(C 
£M©1*fiHb©g*#3£< . Cftfcff^iM/B©!^ 
MS©ffiBi«&SS*.fc#l^>*S. *fcB*K. an 
IffiS(Sj±©) , t:i!t>«:MS©fi^^b*s*» £tvci<>S. 
— fiStc. 7> ! lra'75EMS* 1 i*5SlIC'f4£. 
(3) £«S©SttSi5«:te^-C, *e>»«>yw 
n»B!itt: 03. £fc> rtM*3EKf¥ 

ffl-r&a^-?>. iw«i^fcifflt'*MSrtfflffli 

C©£V«c&fftg|TC©flf^EII©itl*tt. $8t«:J:* 50 



^200 3- 1 3960 
2 

SSLhll^&tt*. §6ce^ttl»S©iifTfc<!rffl*© 

[0003] IS&mGZmzmit b-C. 
S<Lfct>. *St»tt5©tHJ*tta©-fe5 5yi'X«: 
WcSbT. 5©a^fC«fc4SIE©ltA%S^-r*C 
<b3Wfbtl-Ct,>S„ «FgaBS6 2-2 4 02 5^ 
fgCCtt. rtM©*m*?«6©**»J:0fc«IKS^»©^ 
S (,>**&£ f SC£K J: 0. MSlWMBOSKfctJWI 

[0 0 04] WiC, «FPi200 0-1457 49#fi$R 
**WS¥ 1 1-27056 4 MSf«9SP^7C 

^©MS%l^f s^^M^snTrt,^. *b-c, c 

©«fc 5 &M«*iSSnfclE** 9 MS«rXfHS*S©£M^ 

tcMmttiM. ««H«aa*^rDiiiNtf#« (Dm : 

IESbf*e 9 flmm, N : lsIS£8Km i n' 1 ) #&*3 
5 0J58**rME*JIBiSlvcl»a. 
[0005] 

[fH»WSfcGJ:5£"fSSS] bifibUtfi^ 

Ms©^ffi@?eiS[»«f *f±*rr sfflflfc*^ ± 
ts§i^3tifcsj|i©*-cwig^s«3i{b t ffiMMbtxtt 

WciDWW*. *<Wt». DmN<B*i^2O075% 
fi^SWaieliE©*!^. EEt»itlB©tBBWfcl8t>Ttt 

tKt £©«® *«4 C A < ft S £ l»» 5 Dr W» « . 

MKa^y-^Wftt. *-<**r-WH>*-fii'3^h 

[0006] #3SBJttc©«fc 5 tt^R»***WIW4fc» 

«:ttsnfcfe©rS)f) > <&\-)\<>>itess.v<mmiz'£ 

3S-C t * ©tt*3l&© C £ , »jllHl3ET-C©iH^tttfe<i: 

nzzim? h c ££Bft£-ra. 

[0007] 

[$S£8?&T4fc«>©3M9:] ±f3SW4SI(iW&/c» 
jc. it*^ 1 KMMB, rtM£^M£©B(Clffl»© 
«6ftdi^lS=&/M/Tl3S:Sna£*«c < rttgtta 

n. ^isisiim iiaiaii**jj:o , «}#ii©rt©^<£*) 
fflC^OMS^*-?^, Kriaf-f K^-f 

5GPa-C*SC£*'fSS!t£-r*. 



(3) 

3 

[0008] mam2 mz>ftw&> mm i tc**«.» 
•c. mat-f^y K7^#-#>e©wittM&: 

tfil 0 0-2 8 0GPa.-e3bZ>Ck*ffi&tt&. ft* 
£:<7-#>JS©J&/Irt s 0. l~5ym-C* 

©^atesrags^r^snac 

[ 0 0 0 9 J 5 tC<&S36?Btt. 1 - 4 ©l> 10 

■e&zztzmtirz. name if* 

[ 0 0 1 0 ] C CT\ *paii©^|S6S0i St* 

©-C**lfc£#fcESffi§ft&^* 5 . 0l*.fcf, Cr. W. T 
i. Si. Ni. Fe, Coai*Wf6W. •£©* 20 

^mitxf-y^xm^Mgmow&te, cr, ni 

&±-*iggL<. «i©^E6»{Cj:o-Cl3:S i . W. C 

o tx £*ffigM&C £ #f t S . 

[00111 ^+*>F5-f («T. DL 

CVDft£'#WE>ft. J g-©*-Cfe^Wtt^!*}«J:U ! 

>XA^d";>^ffi^SL/^. DLClS©ffl£^SS 
S ©WEB. o ) tr 9 * -XSBgitT'ttft < . 30 

wtfflsnwrc * sst/j^an-fe ^ -f 

f 5 -**^*©* 5 ^*^. fc*J. C©£t©l¥l/ii 
[0012] 

[«?9©*lte©^aS3 STF. **W©H*t©3g«8*BI* 
^JBOTIftWrS. 0 1 tt#&W©**6©»fi8©-#C 
*5T>^a7SWS%S»W-r*/cS&©UiBJWWS0. 40 
02KDL Cl^fl!f&flm&&ttK£«3 £®8SS 
fltiOH^*^ ^57H. H3f*ft3R. &© 
7B«iW4DLC)«»40BW*fl*r^7H. 04tt 
DLC18©ffi^:»rEia. 05tt##B©ffe©3!»©}8K 

«ISjaaii?i©M^*m-i-^97BI. 01Ofct«l£@ 
(EBSBfc©«WS0. HI lfciU^l 2(*J±!&Wb<J:!>' 
*W8ffl£4W *»H«au*4 JWUMLh* 4 ©S9&* 



^20 03-1 3 96 0 
4 

[0013121*. 01 *#ESl/"C. $f£?B©^ife©» 
)S©-«ajr**7>^*95$i6S (iSiil3Kffi3S* 5l !)l* 
S) ^iSBJ-r-Si. cctv^^wsi o«. ftlt 

{*) 1 3*i£#gl 4**N/CBR3*VC*»*). ^1 
ltj:09lii 2*(cgJiSi$nrrttel ia*0l8ttl 

5ccks$*i-ci,»s„ -e-b-c. f*j$&i i ©fiats i^te 

1 2©m«ffilCDLCJg#ffJliSS*rtV5. &*J. 

ssi 4fcm®sSi*^£3tvt^&. 

[0 0 14] t©DLCMtt. 044#ML-t > Cr. 
W. Ti. S i#oaWtj»i&tt6*IM£liaW4 

e.i^S)aK:ifijw-cawcc*iBg*i^b-r*«Mfflfis©is 

5GPa£Ufcfe©-C*£. DLCJi©^)S^<!:l/-C 
». *¥aSJ^<7dfU>^j*. T^XvCVDgtf** 
D. #WMWfttW©T>^?>X Fvjf* r 

0>X^» »!I>^KB (UBMSgg5 0 4) . 

mmtuotmm-Jv x-? c v d (p i gssseme 

[0 0 15]WUf. UBMSgg5 0 4«. 

r©x^>£Sill«Dcmi!l£ffi 
jai^R^Kftiiffli-ra. DLcia©js/?«x-'N-»y*B#H 

^8W*»a<fc<IWWf*Ci*t-C*4. C©DLCIK 
(DtfUmK.rA'tO. ^SWJCH, J5c£'©^fc* 

#-5. 

[0 0 1 6] 02CCDLCH©$Wtt^££14£fl5 
SE3 iK^gi©BB^%^-r. ftfe. ffi®5feg:K:r>t,> 
"COS, 0iSO&l>*7*r^K®8B£Jl<'>. 2GPa 
©•^;V^S»£;^?:^L/fc^fr-Ci^i3 jg LI&*©I1 

Sfcauo" {cMofcB#^-r©DLCis©iijiaf©Wjtergp 

flSL-fc. S/c, t«^^#», E»£jga8 0 0 0mi 

[0 0 1 7] H2*»6W6*»&J:9«:. DLCH©Mtt 
g3ffgg§jt)J8~3 5GPa£«l5fJ:DlR<. So. DL 
CM©^ 100~280GPa iSM©^ 

Olttfftt J: •) fe'J^ S l^a«-CiS(,^«5SS%»5 C i 
DLCMW^tt^liS^SGPa^a-Ctt 

CiJ-¥'-r<45. DLCM©W*14^:* J 1 0 
0 G P a *^"CttD L CK©SiiSS tmT LT^t tt 



5 

&mt>fcttLXgm t £.K J l?t<te<9. 2 8 0GPa 
fcliitSfcDLCBto^fflSHfeflW^flW (#» ©<M5 

DLCI!i<t?)*l^t5fc«>, HBSU**fcJ:o"CD 

l ck^«s $ its sas #4 c 5. 

[0 0 18] ft*, 2H4£J&&£ (H) £«fl*ttffft 
(E) ©Jfctt (H/E) #0. 08-0. 16##*L 
<, *fc» *£W±DLCK©£BW©1~9 9% (i 
9a*L<tt5~5 0%) TJboT, DLCfig©*«® 
li&^TGsltt^l 0 0%T-fr5. IMHIttfl*»iU { 

N, #L&JWES0. 15-0. 5 m m©&#T\ ffilt 
-B#flaa»6>*ft5£ 4*3, l*mttT 
©«K«rW&f5fc*tt, IfLiifcfJSfcO. 4-2 0 
mNKiaSRfcU J¥LiiiW^$i s '>ft< £t>DLCH 

[0019] '©ted y * ^aMro^/J^SfflS 
ggSrffl v^T t> W«KtMWttfl»«r*ft 5 =. fc 
5. *fc % «£1©JP£I±, X«*«^»3fc»ffi« (El 
T, XPStv>5) 4rfflv>Ta0^i-5-i^-Cf 5. - 
iittWR3iSifcXilifrfla»U tt*©ftft«iS 

fffcioTWfHIiiBoS*©** («tt. £*) attft 
*»Bifc*'<y*Lft#&«&MT$£iR:J:9, 5E* 

[0 0 2 0] H3£&*> ^A, &©7Egfifc^i:DL 

CHJP£©H&£*1-. UBMSlStts o 4fci:oT$ 

^^tifeDLcii©ii-g-i(Djf^ao«»iv xp 

a LTlg-g-jg *«»] L, lyfy ^5t& 3 0 n m/m i 

JPMEiMM-5. 
[00 2 1] DLCWJti, 0. l~5/im 

MKIX. ffjitttO. 5~3*im-Cfc5. DLCIg 

y o . l n mi 9 »v^J?-ett#^Birogll±Ji 5 ^^ < 
ftoTDLCROttlMHEttSJifilftJfc Mfc^tf 
»gf§tt©l*]±3!)|l;& J /h£<45. DLCBI©1£ 
ff;SS5//niJ:9J?v^, ttRrt©rtffiJ&&#**<ft9 

ttti ©**tt#*ft*>ji5. 

[0 0 2 2] DLCi&6Sffi£ft5S#i45t«i$&©& 

Htm, tft*3*>*sffl«t bT«» 2mmm<» 

5. S KD, SKH, SUS440C 
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ff, '>4< fc^S i : 0. 7-1. 5M%, Cr: 
0. 5~2. 0li%, Mo : 0. 5~2. 0lfi%£ 

o, m5oni Lm^w&ncmf f>tt5„ 
[0 0 2 3] 4*5, WUftafellffttc. -*ttft*tt 
« (suj2) fc«narfcfcwe*>9, *©*&, 

&£^U&&£1 2 0-4 0 0° C, S*L<ttl8 0 
-3 30° C, £f>Ka$L<fil8 0~2 6 0° C\Z 
■fZ>o **RLa**12 0" CJ;9ttVtfeDLCHtt 

gag (1 2 0-1 3 0° c) (cJ:o-c, HSsMBB 
U 4 0 0° CJ:9iii^fc*L<affi&£2M£Tt5. 

Uc^-t, DLcKoria»aaiicJ:oT#g#««* 

i\ HRC5 0£U:O«iiia**ft4i-«fc»K:tt, » 
[0 0 2 4] DLCW«»«S*l5*H-»T**aai:L 

bi'^SiiatLTo . i ~o . 8%#»ii-efe5. o 

. 1 %5tS»T*H«l»©IB»ttKSL<, 0 . 8 

%£9#v^affi©gflii£&#i^fcfc, S^ffWt) 
©Tiftfc ©^tttA 5 aftfcH5. 
[0 0 2 5] ±B»*©DLClt#««lftafttt, Si) 

* * LT* 9 » ft!* ©«»©&M i 9 BftWItfe 
itWB^rottlB****^*^ 9 «ftfc±ED L c 

i o o 2 6 ] * lt, rt^maMiK±BD l ctmw 

flit tt©*A«NStt^!»HSt*:'h* < LTiHSliieT 
©»**«»«©t»ttil«HI«T-ettffl 

s t msMo^mm^^xm^mi t tee t tdiiE 
*o"c«ft*^«iftif©a*a j 3»4i'*©*A»ti8 

[0 0 2 7] 443, ±|B|lil©^«8-Cfi, rt^-Hl l, 
1 2©*a»8fcDLCR«r»jftLfc«^*:«lt«ofc 
iK ifcK&Z,Xto*110>n&mn£Ms ^Mftl 2© 
ftS1B©^BDtDLCIl*Jg/i)lt-Ct)J:<, rtHll. 
^Mtl2©-*©*KDLCRt»*UTtJ:v\ * 
fc, rtdl l©±ffi, ^M&l 2©^ffi(wDLCRSr^fi£ 
LTt>J:<, iWWIl4fcDLCBI«r»*Ltt)J:v\ 



(5) 
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JgKtt, M(04Bft{tl3ettfBl/C. *©£®CCDL 
[0028] Etc, ±KSJ6CW#ig-Ctt. iSifle]$£ffl$£ 
{CfUT, 05 5C^-r<fc5)&:R®£:5filiSK:^|§«rjS 
*> 2 0«, l*3JS2 1 iWS2 2 iOBKSU&DC* 

«>09Kisnrrttt2 ijpbgn (iawtr> tcwars 

W6ftTt»**aBHill»2 5*H. *ffS2 2©F*3&® 
fcSW6ftTl>Sfligffl£fia#g24©3grtM. C52 
3©±ffite<kW^l£2 4©^BKDLCIS#^(£;* 

ftri^s. fete. «^S2 4»iitt^grt*s;<tS*it:i> 

[0029] fiX©RI«C 3NSZ 0 feLfl&tt 

<*< 0rjiS3lHllET-C©(5hJi'i'<bteJ:iy : <S^{b*S 



*T«ffiL-fci^l£, C-52 3 4«IS|52 5ffiffi£©S^ 
S. 8882 4 & 2 2 ©3Srt®i©^fi4SP> C 5 2 
3 <b«i^Mi©«l4SBtCte^-CttSAi5e»f Or C 5 2 

3, m&2 4t®&mimmmvxb> ±ess*© 

»S£NaKc. DLCI8S#«:J:*ffihJl<i>teJ:c;ffi3S 
sci*J-ct-5. &te, ZQl&®ffl&*s<t;vmm\t 

±EJtMW>3iaifcBH«rc*iO"C. *©ltt^?:«i"S-r 
10 S. 

[0030] 

[flt&W] H6~BI8»**^©iSBDLCR©3a»4 

smsuMSUJt (mmm±M) 

!£bya(tt)6e»4^l/'Cl,>S. Sfc. «l«ce©gSR«: 
ttHUfeftKtt OMStfcfll) fete, U& 

mury** ?m&$±w#&'£t siMUueftMrr 

5. 

[003 1 ] 
20 [SI] 



t&3 






(Mm) 


(QPb) 


(GPa) 






(ft) 


Cnro) 


Cn) 


(«> 


6ttft 

mm 
(hid) 


JfcttWAI 












SUJ2 


811M4 


20 


100 


160 


132.5 


12.7 




DLC 


2 




13 


110 


SUJ2 




20 


100 


160 


132.5 


12.7 


*8E01 


DLC 


2 


2 


30 


180 


SUJ2 


Si 3 N4 


20 


100 


160 


132.5 


12.7 


*&EP1 


DLC 


2 




12 


HO 


SUJ2 


S1 3 N< 


20 


100 


160 


132.5 


12.7 


*«EQ1 


DLC 


2 


2 


17 


160 


SUJ2 


SijNi 


20 


100 


160 


132.6 


12.7 



[0 03 2] COlSWCto^tTtt, SUJ2*>64D*> 
oflfStfl 0 0mm©rtlfc£. S U J 2 6 9 Mo}* 
fibWl 6 OmmCDMtfi. S i a N« 3&>6&*-fe5 5? 

HEttfttTtv^S: 13 2. 5mm) tZZ 

5. 01 0 01 OfCb^TflF 

[0033)06-08 K5tt^fc*l>Ttt t 

SMftOfflWfrtti: V G 2 2 JH£WM*£ 1/ It 
*^JbxT-«t*JBIr»WS. frfc. VG2 2*-f;l> 
«J I S (B*XJK*Hft) K2 2 1 ltt£(Cjea*tVC 

±M<o®te, nmmmimm 3 4 s so 



g) fcsy»l/T7St/Tt»5. 0. 

1 c c/Mfffl (06 > , 0 . 6 7 5c c/B#ia (0 
7) , 5. 4 c c/fcW (B8) <D3BSfc^t»T*h 

fc. 

[0 0 3 4] H8-H8*Kl^r#*ll!NlB, 7>¥ 

SSSM5 0 4*ffl^TDLCB*fiHRLtefe©"C**. 

MftttaBS *$ J: CWINUniKttPMVf ttSJ© U B M 
S^S5 0 4*fflt»TDLC«*fiHKLryfcfe©"C*a. 
[0 0 3 5] H8-H8it»«:^r*aWPl«» 

iwfiPWKB* ffl^ t d l c mzim bit h <ov a s . 

06~08 4 , ^-r*%MQiB v T^^^^BEfiS© 

»®f^J^g J S:ffl^"C D L cmzim bit t©-c*s. 
[0 0 3 6] B6HH8+fcflVril*WA 1«, DLC 



(6) 



q i m>?tib&m^<Dffi&*7Kbxidi) % tmwA i 
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[0037] HOB^y-xaMKcfcttar^A^aE 

[0038] 
[*2] 







rtfttfttt 


(Mm) 


(GPa) 


m 

(GPa) 




mm 


<s> 


(on) 


(na) 


rim 

(m) 


(n») 


ittfcfcJBI 












SLU2 


Si s N 4 


18 


65 


100 


81.65 


T.144 


*8«R1 


DLC 


2 




28 


230 


SUJ2 


SuNt 


18 


65 


100 


81.65 


7,144 


*$a^si 


DLC 


2 


2 


13 


110 


SUJ2 


SijNi 


18 


65 


100 


81.65 


7.144 


*SOT1 


DLC 

<*»!*»&») 


2 




22 


240 


SUJ2 


S1aN« 


18 


65 


100 


81.65 


7.144 




DLC 

(#mtttts) 


2 


2 


23 


270 


SUJ2 


Si 3 Ni 


18 


65 


100 


81.65 


7.144 



[0 0 3 9] CCDS»«Cblr»TB. SUJ2**6ft0^ 
^S^6 5mmC[)ftte(!: k SU J 2*>6tt Ofrojfg 
tflOOmmtDjWIt, Si 3 N« *»6ftS-fe5 5** 
XiSBirf* (IBftfttry^a: 8 1. 6 5mm) ££**l 

9tc^m®K:fcl»rtt, {*ISft<b0T(D**i*ftO7 

Rtt : 9 8N/*im) tifciC, 7>^ »^5tt*DS 
BU 1 5 (#fAfi : WSSIfflSS© 15%) £igft**<h 

[0 04 0 ] *fc % H9«c*5^r, >M»FSffiK:*«S* 
*T>HW**IHII 0 fc*SII*#f£Sffi-t#?- 

(miSS-fl-maSD fcJWUT^l/t^*. 09£ 
5*i"#3MI!R 1 B, 7 * 75#S0rt$B«iii®0^ 
tettFM$iffi±8S© U B M S K« 5 0 4 *ffll»T D L C 
B*li6KLfc<>©r**. H9«:SVr#»WS ltt. 7 

SHMttSiOU BMS^S5 0 4 ^ffl^TD L CEfcJSlB 
btcb<DV$>2> 0 



[0 04 1] B9fcSVi-*»?JJTl B. 7> J F*^=EH 
20 gtDrtffe©i31BO^CC»itf|^±IS<DP I G3JHtftH 

saiffl^rDLCjB*jiWLfc«>©r**. ^9^-r 

2K»MU 1 B, 7>^*7^«SOrtfSSlai®*J<i:D : i1- 

^^micw^mmimcD p i G^wtttRB*JB» 

IB. DLC**ftbT«Cir»«e*©7> i F»73EIK , C 

[0 04 2] 09^e>> *MIAR1. SKTLU 
1 BttKMB 1 Klt^XUSLkft (ftt«&Jh#) #(£ 

30 SMSMIflRl. SL Tl, UlBl»r*ifc«n» 
©ttttiSl/rsbO, rtlW*aBffi©*K:DLC«**SU 

rfcr^^Stt*©**^ ffiBftJbJHBcao'r: 

[00431011 B*-{ ^x7-«f»«:*JW*P3«C 

sNsoutJbji 

(tttttft) *&3tC7Rl>X\i>& m ft*, fig± 

[0044] 
40 [S3] 



(7) 



11 
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MS 


rntm 


(Mm) 


mm 
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